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(57)Abstract: 

PURPOSE: To obtain a material for permanent magnet having a stable performance because 
of little change of its cooling speed caused by a change of circumferential speed of a cooling 
roll. 

CONSTITUTION: The cooling roll is used for manufacturing the material for permanent 
magnet by cooling a melted metallic alloy containing R (R means one or more of rare earth 
elements including Y), Fe or Fe and Co and B. The cooling roll is provided with grooves 
extending to a direction toward the circumferential face on its circumferential face. In an 
arbitrary cross section including the shaft, the average distance between adjacent grooves in 
an area in contact, at least, with the melted metal is 100-300um. 
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4. 5nm, «20<BO. 13-3. 7iim4&&. 
[0 0 5 3 ] &fc. .tl&&©7k^®El5ff4B. tW-S3 
0-7 0 0 urn Hm.txmWttiX^y'f ■< v YffiEfj: 

i'tcjgmsns. ®mtotc&vi>. ftj-oa-mz 
mm itcj; o ±featt£sti2-r a c 4 #r # &. 

[0054] ±IBL/c?^lJn-;b^ffl(,i-C{f htl&fk.X 

©B8«?i£, d/p^lO. ftccd/p§4. 36«:Bd 
/p£2. 5 4T*Ci36«r**. ttfe. d/p (DTK 

[0 05 5 ] c«i6oft«w(ct)tt«^iuiattS». 
mox.'x.tb-cnmz. MM&Etma. a*, m 20 

;i/&T«a-;ufflfcJ:cR-ft4*tiS)-r.5E (7»;-ffl) 

B64fc3. *WJMUc*il»r*X«SStm©W3*fiJi 

tt. t<Dzm<Dm8cfi$\*]m?z>. ti/cfceufcti 

D*»J:Of«*P©S8eWS*l6J©*B. «.>-rtit»5» 

3© 1/5 4^6. 30 
[0056] JJBLA:IMDK:4Btt«Y«WUWS<] 
B. 0. 0 1 ~2/im . #CC0. 02-1. Odrnf* 

0. 0 0 5- 1 am . HCCO. 01-0. 75wm-C& 

mt . j£££tt?lHtkMtc i^tlftc *) C tifiift (✓ 
«,». 

[ 0 0 5 7 ] * fc, tSSei?©*BB. MWDJCfe^T 40 
0. 001-0. ljum,f$«:0. 002-0. 0 5 u 
nWCiWSK, MiiPCCfo^TO. 00 1- 
0. 05jura. ^iCO. 002-0. 025(im r*5 

»(.>fiBB*3W»6tir. C©«B*fi*S4tefD]Km$ 

[0058 ] fcte. 7*X«&5tfl4©l?3tt> 1 0 urn U 
±t-TSCi*J»*l/l>. JI3**1 0jtzm*S54&£ 
4. tf^-f * K885K-r*»©*9*^tie*»J:0f*© 
K y > ^tcfei,>r WB«:*ffiS^t» * u $Mb 0 so 
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■?>f<& So 

[0059] /tD-^^fflt^tg^> *XWEtW© 
JI3B6 0 am OT4-fSC4#W£U>. t©4:5& 
/fSi-rSCiiCiO. P~JUfflffl4 7'J-ffiM4©¥ 

*)*SJi1i[S©££'h;* < f 3 c 4*n?s* a. * fc. ±13 
-E©»*paa*i&6*i5fc«>. ^jwouw^x^ 

[0060]41s. jfcAJBStmti. ffi^©<4gTS'l/S 
3fl/dS3©*i«BM#4 urn l>XTV$>ZCtifiVt&L 
t>. m2<D>*? f **J^SC-fn«|gat4S©^7 7 + *> 
/IvS »»Ufc4*tC. ftttOSlofcBfcEtat 

«©#>•? 4 v PB5«Wri. JfE3©£»)gB4l, 
wr*»©E&*Stt£. ££iS»4#ipp--;i^ffi4 
aa-Jl/j£W>titf, ££?S&4*&aiP-;Haffl4©lg 

[006 1 ] *^©f$S)a-;U-t , ^*P3n.S^^m 
tt. R (fc/cU. RBY*dt»*±Sec«01«eU:-C 
) 4. Fe*fc»FeteJ;yCoi. Bi*^W 
■Tifc©t?*n««fiStC!HF(C*||®«fe<. i'©«fc5!6ctt 
fiS-C^^-Cfc^WO^B^-rS, ^SPtc 
<fc 9»6*l**^«B*m». *MWKiE^ B B B S©*S B ^ 
COi^ifeitBt. # B B B « 
*JJ:Cf/*fc«ISft*©ll«t«:*r*«)©r*S. R 
-T-B^b^BJ (T«Fefe<fci>'/S/;:«Co) iLT 
S«4iE*«b^l)lttR, T,,B (R=l 1. 7 6M : f 
%, T=8 2. 3 6M^-%> B=5. 8 8H?-%)-C* 

BHBtt. ±tB©*g B ftel?iL--C#fir*. 

[0062] <i»*tt>*»W©««PB-*%. 
SKOttRffJKl >E*©WH«T'CJt a - *tt(c mm? 
6»£<D»* U»*«W*. H3«:"^-r. 

[006 3] 

^Spo-JH 3fcJ;OVX;H 2 BTffitt^*X#Hm* 

SPP-JH 3fi^©^RStt^B-e-©tttttC<fc«J!*«lD 

131 IB. ^X;n 2*>6WtUSnT^P-;H 3© 
^SitcSMIl/. Jft»3tirW»«*^«f5*t|sH 1 2 4 

l.»t/X*l 2©a»J (®^|S]©#ii(JJ) ©^aa- 
^MBiSflltcB. m»21imtZtlXM. USI2». 
?^pa-;n 3SS«:^o-ciJS^^9iifei/7'cT4Stt^x 
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«E©4>&< 4fc-8»£«»rU ^KA (^XjH 25fc$8 

13) 1 1 3 K*rie#x^afc*c cn«c 

J:*). &#a-JWllffl4Ma}3ftfc££i8*I4©|13K:# 
[0 06 4] &d^0$*n$(CtttcME* U«t(,>ti£ 

*jA*ft£t4#sitt,<W*.6ft. ££4ftipu-;i<Ji 

d 4 ©®*£#fa± t r n - Jim <D$itmm<D&mff) & 
[ 0 0 6 5 ] mm 2 b. ^ 1 1 3 tcjif £iiirie#x 

K#K«fiB4l,>*s, K&#S£r#X$jilK$&l&rtJjii 

KJgttttlILrail»24-rSc4*«F*l/l». H3JciS 20 
Sn*»K 2 BJBttfl*& 2 iiBiTWL 3 -3©¥1S8|5*>e># 
lS3*TCI,>a. Stt©SH»2!W»tt4W*-*ii^. Mb 
d - ;u tciac >¥fi8BB . n - ;HHEK#ft 5 # 

xat%sw-cai»2 aypu < 4 tT*6»aio-*jaii 

fr6i*±3tiSfWB«rrs. c©¥«g|54ftipa-;b 

*fflc»r. ^o-;i'©@K«:j:6,-rai»4mpn-A 
4©ffi«*-5E(c«-5flMS4Lrfc«fcC». 30 
[0 06 6] *7t. 03{C7js3tl£#*£©IlW©fk W 

Ttemt*5umi$.<Dmjitjifi0*UK mot. 03cc 

*n3 *iS^©ailE5©*i*|6lffi8S«c^SJP -;HUffi©4> 

;H 1 32#©$»n-;HMffi*rc©M«-CH<.>. '< 
K;HSi|E#iSj!» : »6j)SA-r'S*'XSS©il>%< 4 i-6P*j§ 
Kr*«J(S4l/rtJ:l>. *&. M&ffirtMfftfflCctttt 

.fc^KSW-C^XSSE^SfiSEL. /< FJUttS'MDtfXiS© 
#tii*«:«IAS«ISS4bT<>J:«,>. 40 

[0 06 7] Sffj2 t&t!}a-->i>mwt<D&mzftK.m 
S3tvr, ai»©tig^ipp-jn 3©aas%4*cc 

SSfcS^WtcilBr-rSfc&tcB. &SPn-n<@«£B$(c:fe 
WSifiBffil8t*5BinWT. #CC3nmWT4 , rSC4^W 

su>. */c. waauioTiRBiSFtcaci,**!. &ipo- 
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&©"C. CftSriSttS/ctfXC. IftSEiElSBO. lirmW 
±. fttco. 2nm(y±4TSc4;W?SU>. fcfc. ir 

[ 0 0 6 8 ] £ fc. ERA©*! (^ipa-;bJSS©^|fij 
{cteWS)5ll»©W5|ffllS«) »1*«:«jE3ft&t>*», I* 
*pn-^BS©*ltt±4TSC43!iJ*f*U<. #tcftip 
n-iimffioym&'O'bl 0%m&&<?ZCt1)W£L 

[0069] JRI»©W3K:*>#{CWIEB.«I,>. -f £cb 

*. awr^#^xjjs©fiifflB»*pn-ji/©jiisg*4* 

3 63ft£©-C, ftiP3ft : il^X;l>£flH,>St§£K: 
B, ^X*{c^fc4^«*WII)fC**J: 
3*RSrf*C4*s»$l,(,>. sZ)\><Mtm*Vj]ttZ 
C£tcj;0. 8&fig£££3t^^XJl^&©jg&rt 
fflS£2o£3-t*SC£*5T*S©-r\ fi3#G«C*9g& 
7lcX»5*tt4«rff4C4*5T^. *fc. Uvmvom 

[0070] >»xjncswsai»©ffiii«i${ciHffi3n 

•f. #x»#*j^£^*WK|*±-c*£«fc5ic&ipn 

-^©^-jS4>jaasa4'(cjoDT:jiatig*ss-rn« 
«fci«>*j. a*. >'X/nj3^fig4auw4©iEjiB < 

0imiMTaa4-r*c4*jffaEi/c>. 

[0071] aw©ttg«»KH3estntt». -r<tt> 

[0072] tRm^m 

*H^t?B. »Kf2 4^F>H 1 3 4©H©^pn-;l/ 
1 3JiEifi$CC. WR^JfeRWCtJ:!,*. «^*IS 
B. /t K*#2©»H«^4««l/r»»W«:«E'r 
4^ffl**/tU. ^^S4^»o-JHSS4©ncc« 

[007 3] RA^gt<D«liS»<l«(CBUS3tl«cC^. S 

^[Sj*s^«ia -*Hii©»B*iei-c** «fc ^ %x >j * f 
«o«ap*wr4fe©*fli.>4ciJWf*u>. c© 

<fc *> tm3&®. 4 L "C B . m«B3*>J; O'0 4 (Ctp 3 
ti€»»fi)E©«SSm2 0 OW^CiWSLO. 0 
4«C7r;3J-i&«Rm§|51vf2 0 0B. Rfgjy;©)§M2 0 1 

4. c©wfi2oi*»a-raxy»h«««n2 0 2 

4*#r*. X * Ft$R£tP2 0 2©g^|6jB«Sl 

Rd5t^©^S2 o i ©-2r©«g|5 (H^-c 
B. ffiS©^iSKc#ft-r6o ) BBJgSJrcfc"?. mi 
©*SSP(CB. aii?L2 0 3 4y>U-C^|g2 0 1 rticaii 

■r^7yx i t2 0 4*^3n, c©^xt2 0 4©fteffl 

KB0^bfci>tf>X*sig*£3*vti,>S. =JOX©|ga!) 
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n. ^ ^ M#s*mn2 o 2<D&mrm.ztiz>. 

[0 07 4] C© c fc ; 5^8imgl5W2 0 0« l K»gfJW© 
M£ WR&m -JK5«iMlBW 4 & * <fc 5 CCftip 

*©**»Bta@IK<t>*4 * J: 5 CCBKS ttfc 0 . USSl 
attt 2 0 0©^ K* 1 1 3Cc»f4(aiBJ6aE0fc»). 
#l8£v#x©!R^*£Mbfc9-fSC£«:<J:D. ><F 

[0075] Rft^&©*A*». l«P«lt«0<f 10 

nx*«p©tt««««:iRje3*ir. B?fl©*»**« 

ts>u-)i>mmt(Dmffi[j.o . i~i bmm&ttzct 
[ o o 7 6 j &*. jsEfrb jivwrnmicmzmm 
«a»*«*i/"cimwK:«3t-rn«j:c». 20 

[007 7 ] ;frr£tt#XPftgtttt 

HiBi©«)IJ«lll«rBfi3l*SC4#«ff*l/l>. 
[007 8] JtP-Afc-CB. |s]fe-f ■SftiPD-^ffl 
tcffi$i,fcd&£»B. »ao-*|(BI«:3l*re>*i5 

36H-»K*<»»n-^JBffl4ttttl/r(,»*ltf. O—A/ 30 
MJ4 7 -HM4tt&«c^n-;^©at<3&«:<J: 0 
tt«tt*J-«c»il3*i5. fftto^. BBSS©**-* 
fcJMc tt. ft^a-AfflMMSiaOMi 

[0079 ] t/rt>U i$i§tt©R - F e - BJfc££tt» 

£*)?iimtiz>t>K ■? v-m§mzi.tLxnmn t P^ 40 

©teS»«:J:0^»3tiSct(c«cD. n-;UffiiiJ£7 tf 
[0 08 0 ] -ecr. JJEtfffilc 4 »8n-* 

jaB4©«w*iti*«S3tth«. y-mwwaanc 
fct, >T?£ip a - ^©fSMSgcc 5SJ£#ttflD b . 
o-;UffiffJt7 <) ~Offl4©tMMSlK©£fts*l/ < >hi* 
<frS. tit. wmiiW7V-W9tocK9tt»ht\ 
•2>©T t 7 >J-MJ©^*flaSS«§6«:|6l±-r*. &o 

•c, P-JHHW4 7 u -Ewji vxmw[<Dm#>i»$ < 
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*Po-;l/©@^jia*Jm«5~l 5%gg<&<&9. 
»8«B©*ffiay>&<&4. 

1 2^6Wffll/> 7X;H 2(c*tl/Tla]$sL, 

-a>Sftipa-.»n 3©J3ffi«:S5^3^, <§£Po-jH 
3Jiffittifitc?¥£E-r<5>£&l 1 l£ft£pa-;H 3J§ffl 

ti>. fete. ftipa-jH 3B. liraLfcSWi 3 1 4 
mm\ 3 2 43&>6«BS3tiS. 
[0 08 2] -ebT, &*PD-;H 3jaffi(ci6rt»5#|6j 

3^ffiftiSK#«ETS^l 1 1 4ft#B-;H 3^ffl 

*&»n-;M 3«c«^&©£&«. H*#j»-C 

[0083] fcfc, ££111 B, 1 2#>6©Sg 

*b&©«&#3k . 7 >j -mmttte^xmmtomet 
m^m^xhh. 

[0084] ^iStt*^**9c*«W**i5lB. g& 1 

1 it^r?MPB-iH 3^M(ci6j*^^ri6]-c$>nB 

fttcJfBB&l^. 03$Ct^Ep-C^-f <fcMt. ^ffitt 

^x«a©?>;*m^i»)t. ^ajcciotf^neas^^ 

>K®Em 1 1 2©Jit7*iai4©SWftlS3&««ft i«c4 
J;^«:q»c*WtSci*W*lyl>. c©ftgtt. 100 

~i60' gar*sc4#m?* ch«, p*;#tt 

We>*i/c^r£14^X*s^-K;H 1 3(Ct^$)/c^C4* 

rstt^^es^tfiwens 4 . ^ f^©-sp*%jp 
sn. *©»»©««*««< & o. ><F*©»tt**b 

•jtlSHiWS. C©fc», J^i-Ajrjf §©-^fe?i 
141 1 2©jitf*lSj4«. ££1 1 UWHfln-JH 3 

b. 7 >j -wfrhfr* ym^mttxmmmx**) . 

t©t^©^K:#x£i!*;£ttttS<!:, **xi^ccj:0 7 

p>n-r. ^rt-c©m»»Kaa**D. 

SCcBe.o#^i;4. c©/c», ^*po-JUCcJB^L 

[008 6] flWniCB, ^{cqRStt*X4?}?*WW 
4LT7X;H 2©S©5©«±*tl/t{4Br*SC4 



(9) 

15 

[ 0 0 8 7 ] *fc. >< F**P6&i$&t8fttfc{4B't?B£ 

«c;Rgtt#x£ift$ttW*<4BB > ^^l* s ^*PO" 
MC{B^-fS<4B£i@.'£4 l/T/X* l 2©&©5 0{g 
«T«nfcffi«4f*C4jWT*U>. tt*. C©*i£ 
©*8H*#X*!>C*ttB3ffiB4B. ^RilttfXifi©* 
<i>-Cttfc<. *fxSfe©yX;H 2{Cjfil>ffJ©Jj68Ptf 
s. */c yxju#xy Fttr**Ji£©./X/i<g4 io 
B. ?^pn-;i/i|fE^|6j{cSiJo/cSi-J-S. c©J;^{c 
^fiftfetfx ifcfcflw S(iB£ ^ X;wgccwjt3 if * S 
©£©B, ^XjUS©^(CJ: 9 F ^©ttSS^^Sl^ 

[008 8 } *jStt#X©fc*tttf£Gl. tut. 
^Ea9©SB^(cfSK«RBtt<. yX*S. £ 
ifflOWHil, ^o-JKOta, mpB$©#Hm^ 
©&«=£#£^f£U 3 6CCBJgi&Wtc. ££©n-;V 
MN4 7 U -BBfli"C»* U>ttAtt&W96ti&£ 5 20 
K«B&J-*itfJ:(,>*». m«. lSU3E*Ig©;R£tt#x 
#B£WCCT0. 3~5ningfaK©yXJl>a>6££jg& 
*»HJ-r*^ ^tt#XB**#fil#&a»»©tt 

t>. C©»£. Xy?FIRB0. 2~2imSg, XI) ? 
FS^|S]©^«^^W^fI©3(g«±. xy » F4 
^4PD-;^Hi©ffi^«0. 2~1 5mr®K-C*6C 
4*«#*U». Sfc. «WBE*«l~9kfl/crfgfltC* 
5CiW*W>. x«J? F4&*pa-;l^ffl4©ffi8 
#flrlBISH*S54&*4X ') y F 4»a»n-jWBffl_k© 30 

[0 08 9 ] wmtiz&tksmziaibotttcttK. 

•fflU*&l>#. ±IBUfc«fc , >«:X'J 9 Ftt 

9©*^#XiMra***a*»ara*flK>5 1 4# 
*J*U». *fc. *»SIW*ili£*fcB£»-rac4«: 
<fc9, ^tt#X«E©i!»eStttfttB. Tfttot. ^RStt 
*x«s©yX;KcjfiOfflJ©JSSIJ*J^«:S«-rsteB«r 40 

[0 09 0] HftKHCB. H5CC7j*3ft3J:5&i*»8S 

w%jg<<>$c4#»*u>. mbic^nmsismi 

0 o «, n(u^©jss ioi4, comm 1 o 1 *mm 

taxy v FtK««P 1 0 2 4 xy^Ftt* 

stn i o 2©s#*i6jtt®waj«©tt < ratto^nisftt 
©jam o i©i*4««wc*&. pmvtomti o 

1 ©-£©*S9S (HflWCB. IBfflOlHNtcateET 

*. ) BBBSSn-CfeO. (^©JjSSBtcB. jfii?Ll 0 

0 lrttcifilfStfXSl 0 4#$& 50 
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3n, tft«c4:iD*fttt;tfx#Jswgmi ooi*jgwc& 

0ii*ti*J:^«:1«jSStiri>&. ««SM* 1 0 Ortic 

«»3*ifc^isstt#xB. x >j 9 f wbwp 1 0 2*»6 

[009 1 ] C©J:5J&:«HSM*1-0 0B. "BWSW*© 
«i4miI3ftiPo -jWD|i«ittBtffii5tiJ;5 (c^ip 
n-*ifi«(ceB3*iS. *l/c. WHSW10 0*. 

%<Dm™mm>>i> 4 a & «t $ ccnes ■» a c 4 <c <t 

airs*. 

[009 2] C©aWKt«Ji3tifc7lc^«Ett*4B. 

^B^csKSttwfc^RStttfxtf, n-juffiifi^iOfc 

7 'J -ffliafiSKJ: f) £ < £ I C 4 £t£fflf S C 
4*ioJS6-C*S. ««, 0C*ttW**JStt*/X4l,"T: 
Ar#X-£N, #X4fflt,>/d8£. t-VxftVimtC* 

osj|{ctta-r*c4*«r*a. c©t§£. ^Frsiitfx 

©^WfiB . 7 'J - ® #> 6 /1 3 ;£|6KC 5 0 nmfclT©«H 
■C. 05*B5O~5 0 Oppm SST 
[ 0 0 9 3 ] S^ritttfx 
B. «H«^X4BB©t©%m>*C4*«*f*H«». 

[0094] gam 

tC$(J|RB&<. Ar*'X, He*'X. N 2 ^/Xl?©§S 
&C4*5»*Lt,^ */c. aSBSv^X©E^Kfc«FKSiJ 

rb«c<. as^r*iB«fcc>. ^g©«®^ 
WRjc-rsfcjbKB. 0. i~2mEfia, aur. isi 

EC^Stt^XiS^-CtfftABJ:^. C©<t-5^cE^© 
^XS64j-c^fe«Sa»©^*P%tf*-7A:J»^'C<>. ±120 
ftJWS*Sl,»B36«:«a*ia*ffli»ac4KJ:*). ^ 
£?§i§4&Spn i ©ra^©#Hm**x##ii^?r^ 

L/<^<f^c4*irt. o-jusBa^r©*g^es 

©^)-tt?:i9i<-rSC4*s-C$S. M^lt P-J«i5 
flHH««:«)B&MAttS©Wlflj|«. 1 3nmWT. * 
{CI 0nmWT4-r^C4*s§a{C'Ct&. C©»^©D 
-AWiUitJ, ^KEt/c«gtSP4|B]--c&D. n 
-;Wffi*»f>fiK5Ji3©l/5*-C©^r*6. 

[0095] caymmcismm^wiifDmmmma. 
TiB©J;^«:L-c©ffl-rsc4*J»*o^. ST, ±ia 

0 0flieU:A*3|:**»»ri. C©^K*± 
K««*«:*j|,»rBffJIHC3 0tWit±. ff*l/<B50 
tStW-UMg U «W»«f*K J: 0 

ccgs»uyttt©3p^BS4«:s. ^t,»r. cn<E>©¥ 

«JSaE©«W«S4*«)S. 

[0096] tfP-Ji'&tefcuTiieuciapM&wfr 

#!^*JMia-*lWMtifi*9 0TorriKT. Wei 

OTorr«T©^ffitt«X?!:Hfll«:«i>r^©J&*P*ff 
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«*i£*ft-St4#&<&0. ^i^o-AJSBi 

©««tt*«i6U: Ota -^mo^immmmmth 

[ 0 0 9 7 ] * fc. R^fi©H*MM>& 

[0098 ] WM^OTRttfcfcttl,**. & 

»HME^3*ll 0- J Torr*r®, 1f K 1 0-'Torr*ii4& 
£ 4 iSS&gf &ttJ$ffl 3 A frbVffia - *4 ©Blfc EX 

[0099] C©«fc }&*E»H»*r«S3tifc*X 

*iH8P*s?&4'*en-r, */c a-iimm-eomihtii. 20 
[0100] mK'%w%.tp-cftimz>m-£;i<cb. 

[0101] ttffikft 

*»Wcm»Sftiji0 -*©*J-ftoe|$«cWHtt& < . a 
W«:jtcraaiM-ffii"rti«J:i>*i. 9ft. i6S 15 
0~ 1 5 0 Onm H2 0~ 1 0 0rrmgKT-&£. £/c, 

#*pp-;ntM>{ctt. *^ffl©?L*i|9:W^<ari,>r*)J; 30 

[0102] ft9n-;MDaaeB t &&8&©*UiK. 

SH&fNCfc-oTfcS&Sa*. Jf*L<Bl~5 0m/s 
, 1${C5~~3 5m/s 4T SC4#s/lf$U>„ J3iIK# 

[0103] am. #*PD-.M/tt-e-©«i#««* 40 
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CLAIMS 



[Claim(s)] 

[Claim 1] R (however, R is one or more sorts of the rare earth elements 
containing Y. ), Fe, or Fe and Co, In the cross section of the 
arbitration which is a cooling roller for cooling the alloy molten metal 
containing B and manufacturing a permanent magnet ingredient, has the 
slot which extends in a hoop direction in a peripheral surface, and 
includes a shaft the average of the distance of the adjacent slots in 
the field in which an alloy molten metal contacts at least — 100-300 
micrometers it is — cooling roller characterized by things. 
[Claim 2] the center line average of roughness height (Ra) of the 
peripheral surface in the field which contacts an alloy molten metal at 
least — 0.07-5 micrometers it is — cooling roller according to claim 1. 
[Claim 3] the average of said depth of flute in the field in which an 
alloy molten metal contacts at least — 1-50 micrometers it is — 
cooling roller according to claim 1 or 2. 

[Claim 4] The cooling roller according to claim 1 to 3 with which said 
slot is formed spirally. 

[Claim 5] A cooling roller according to claim 1 to 4 with the thermal 
conductivity of said base material have a base material and Cr surface 
layer formed in the field of this base material peripheral surface to 
which an alloy molten metal contacts at least, and higher [ said Cr 
surface layer ] than thermal conductivity. 

[Claim 6] the thickness of said Cr surface layer — 10-100 micrometers 
it is — cooling roller according to claim 5. 

[Claim 7] The manufacture approach of the permanent magnet ingredient 
characterized by having the process which breathes out an alloy molten 
metal to the peripheral surface of a cooling roller according to claim 1 
to 6, and is cooled from a nozzle to it. 

[Claim 8] It is the approach of arranging said cooling roller so that 
the shaft may become almost level, and cooling said alloy molten metal 



by the piece rolling method. When the core of A and a nozzle is set to B 
for the location where discharge and an alloy molten metal collide an 
alloy molten metal with a cooling roller peripheral surface at the 
cooling roller hand-of-cut drawer back of a flat surface including the 
core of a nozzle, and the shaft of a cooling roller, When the include 
angle phi which the plane of composition and straight line AB of a 
peripheral surface in A make is made into 45-78 degrees and the location 
of the apparent vertical and cooling roller peripheral surface which 
pass along B at which it crosses is set to C, The manufacture approach 
of the permanent magnet ingredient according to claim 7 which sets the 
die length of a straight line BC to l-7mm, sets the ambient pressure 
force at the time of cooling to 90 or less Torrs, and cools an alloy 
molten metal by making differential pressure of the top face of an alloy 
molten metal and inferior surface of tongue in a nozzle into 0.1-0.5 
kgf/cm2. 

[Claim 9] the average of the distance of the protruding lines which have 

the protruding line prolonged in the die-length direction in one [ at 

least ] principal plane, and adjoin each other — 100-300 micrometers it 

is — permanent magnet ingredient characterized by things. 

[Claim 10] the center line average of roughness height (Ra) of the 

principal plane which has said protruding line — 0.05-4.5 micrometers 

it is — permanent magnet ingredient according to claim 9. 

[Claim 11] the average of the height of said protruding line — 0.7-30 

micrometers it is — permanent magnet ingredient according to claim 9 or 

10. 

[Claim 12] The standard deviation of the thickness measured in the 
location of arbitration is 4 micrometers. Permanent magnet ingredient 
according to claim 9 to 11 which is the following. 

[Claim 13] The permanent magnet ingredient according to claim 9 to 12 
manufactured using the cooling roller according to claim 1 to 6. 
[Claim 14] Permanent magnet ingredient powder characterized by having 
ground the permanent magnet ingredient according to claim 9 to 13, and 
being manufactured. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is R (R is the rare earth 
elements containing Y. ). It is below the same. It is related with the 
cooling roller for manufacturing the permanent magnet ingredient of the 
R-Fe-B system containing Fe or Fe, and Co and B with a quenching method, 
the method of manufacturing a permanent magnet ingredient using this 
cooling roller, a permanent magnet ingredient, and permanent magnet 
ingredient powder. 
[0002] 

[Description of the Prior Art] As a rare earth magnet which has high 
performance, the thing of energy product 32MGOe is mass-produced with 
the Sm-Co system magnet by powder-metallurgy processing. However, this 
thing has the fault that the raw material price of Sm and Co is high. In 
rare earth elements, an element with a small atomic weight, for example, 
a cerium and a praseodymium, and neodymium are in abundance, and its 
price is cheaper than samarium. Moreover, Fe is cheap compared with Co. 
Then, R-Fe-B system magnets, such as Nd-Fe-B, are developed, and what is 
depended on a high-speed quenching method is indicated by JP, 60-9852, A 
in recent years. 

[0003] A high-speed quenching method makes a metaled molten metal 
collide with a cooling base front face, is quenched, is an approach of 
obtaining metals, such as the shape of thin band-like one, a thin film 
integrated circuit, and powder, and is classified into the piece rolling 
method, the congruence rolling method, a disc method, etc. according to 
the class of cooling base. By the piece rolling method, one cooling 
roller is used as a cooling base among these high-speed quenching 
methods. And inject a molten metal-like alloy from a nozzle and it is 
made to collide with the peripheral surface of the cooling roller which 
is rotating to a nozzle, and by making a cooling roller peripheral 
surface contact, an alloy is cooled from an one direction and a thin 
band-like quenching alloy is usually obtained. The cooling rate of an 
alloy is usually controlled by peripheral velocity of a cooling roller. 



There are few parts controlled mechanically and the piece rolling method 
is extremely stable, and economically, since maintenance is also easy, 
it is used widely. The congruence rolling method is the approach of 
cooling using the cooling roller of a pair from two directions which 
counter on both sides of a molten metal-like alloy among these cooling 
rollers. 
[0004] 

[Problem (s) to be Solved by the Invention] Although the cooling rate of 
the opposite side (henceforth a free side side) will become inadequate 
and it will become a desirable diameter of crystal grain in a roll side 
side by the piece rolling method if the cooling rate of the side 
(henceforth a roll side side) in contact with a cooling roller front 
face is generally set as the optimal range, in a free side side, it 
becomes a big and rough grain and high coercive force is no longer 
acquired. 

[0005] If it cools so that the diameter of crystal grain by the side of 
a free side may serve as desirable range on the other hand, the cooling 
rate by the side of a roll side becomes extremely large, it will be in 
an amorphous condition and high magnetic properties will no longer be 
acquired by most roll side sides. 

[0006] For this reason, conventionally, the peripheral velocity of a 
cooling roller is set up so that the crystal grain of a particle size 
desirable as the whole quenching alloy may increase in number most, and 
this is made into the optimal peripheral velocity. 

[0007] However, the optimal peripheral velocity determined as mentioned 
above is 25 m/s, for example, although it becomes the very narrow range 
and changes also with the presentation of an alloy, or quality of the 
materials of a cooling roller. It considers as a core and they are **0. 5 
- 2 m/s. It is extent. For this reason, it is difficult to have to 
control peripheral velocity strictly and to mass-produce in low cost, 
[0008] by the way, the range of the field of the desirable diameter of 
crystal grain (thickness of the cooling direction) is about 1 law, and 
in order to be seldom dependent on the thickness of a thin band, the 
magnetic properties of way which made thickness of a thin band thin as 
the whole thin band improve. When the injection capacity from the nozzle 
of an alloy molten metal is fixed, since it has decided by the 
presentation of an alloy that the optimal peripheral velocity described 
above although a thin thin band will be obtained if peripheral velocity 
is made quick in order to depend for the thickness of a thin band on the 
peripheral velocity of a cooling roller, in order to make peripheral 
velocity quick and to decrease the thickness of a thin band, it is 



necessary to change the cooling roller itself, and it is not practical. 
[0009] On the other hand, if injection capacity of an alloy molten metal 
is lessened, the thickness of a thin band will decrease, but when 
continuous duty is carried out, a nozzle tends to blockade the molten 
metal of a R-Fe~B system alloy, in order to tend to react with a nozzle 
component. For this reason, when mass-producing industrially, the 
diameter of a nozzle cannot be recklessly made thin. 
[0010] Furthermore, even when it cools with the above-mentioned optimal 
peripheral velocity, by the roll side and free side side, the difference 
of order will arise about 10 times in the diameter of crystal grain, the 
field where the desirable diameter of crystal grain is obtained will 
become very narrow, and various magnetic properties will become an 
ununiformity in the cooling direction of a quenching alloy. 
[0011] For this reason, when a quenching alloy is ground, and the magnet 
particle of high magnetic properties and the magnet particle of low 
magnetic properties will be intermingled in the magnet powder obtained, 
this magnet powder is distributed in a resin binder and it considers as 
a B0NDIDD0 magnet, high magnetic properties are not acquired as the 
whole magnet. 

[0012] On the other hand, since a free side does not exist by the 
congruence rolling method, the diameter of crystal grain in the front 
face on which a thin band counters becomes almost equivalent. However, a 
roll side and near a thin band center, since a cooling rate is different, 
the difference in the diameter of crystal grain poses a problem like the 
piece rolling method. 

[0013] Such a situation to this invention persons are center line 
average-of-roughness-height Ra of a peripheral surface as a cooling 
roller for making the peripheral-velocity dependency of magnetic 
properties low in Japanese Patent Application No. No. 131492 [ two to ]. 
The cooling roller set as the predetermined range is proposed. 
[0014] Moreover, in Japanese Patent Application No. No. 163355 [ two 
to ], in order to make small the difference of the cooling rate by the 
side of a roll side, and the cooling rate by the side of a free side, 
the surface layer which becomes cooling rollers, such as copper and a 
copper alloy, from Cr etc. was prepared, the heat transfer in the 
cooling roller in the case of alloy molten metal cooling was controlled, 
and it has proposed setting the thickness of a surface layer as the 
optimal range further. 

[0015] This invention improves each above-mentioned proposal further, 
and aims at offering a means by which the R-Fe-B system permanent magnet 
ingredient of the more uniform diameter of crystal grain can be 



manufactured. 
[0016] 

[Means for Solving the Problem] Such a purpose is attained by this 
invention of following the (1) - (14). 

(1) R (however, R is one or more sorts of the rare earth elements 
containing Y. ), In the cross section of the arbitration which is a 
cooling roller for cooling the alloy molten metal containing Fe or Fe, 
and Co and B, and manufacturing a permanent magnet ingredient, has the 
slot which extends in a hoop direction in a peripheral surface, and 
includes a shaft the average of the distance of the adjacent slots in 
the field in which an alloy molten metal contacts at least — 100-300 
micrometers it is — cooling roller characterized by things. 
[0017] (2) the center line average of roughness height (Ra) of the 
peripheral surface in the field which contacts an alloy molten metal at 
least — 0.07-5 micrometers it is — cooling roller given in the above 
(1). 

[0018] (3) the average of said depth of flute in the field in which an 
alloy molten metal contacts at least — 1-50 micrometers it is — 
cooling roller the above (l) or given in (2). 

[0019] (4) The above (1) in which said slot is formed spirally thru/or a 
cooling roller given in either of (3). 

[0020] (5) A cooling roller the above (l) of said Cr surface layer with 
the thermal conductivity of said base material have a base material and 
Cr surface layer formed in the field of this base material peripheral 
surface to which an alloy molten metal contacts at least, and higher 
than thermal conductivity thru/or given in either of (4). 
[0021] (6) the thickness of said Cr surface layer — 10-100 micrometers 
it is — cooling roller given in the above (5). 

[0022] (7) The manufacture approach of the permanent magnet ingredient 
characterized by having the process which breathes out an alloy molten 
metal to the peripheral surface of a cooling roller the above (1) 
thru/or given in either of (6), and is cooled from a nozzle to it. 
[0023] (8) Arrange said cooling roller so that the shaft may become 
almost level. Are the approach of cooling said alloy molten metal by the 
piece rolling method, and an alloy molten metal to the cooling roller 
hand-of-cut drawer back of a flat surface including the core of a nozzle, 
and the shaft of a cooling roller Discharge, When the core of A and a 
nozzle is set to B for the location where an alloy molten metal collides 
with a cooling roller peripheral surface, When the include angle phi 
which the plane of composition and straight line AB of a peripheral 
surface in A make is made into 45-78 degrees and the location of the 



apparent vertical and cooling roller peripheral surface which pass along 
B at which it crosses is set to C, The manufacture approach of a 
permanent magnet ingredient given in the above (7) which sets the die 
length of a straight line BC to l-7mm, sets the ambient pressure force 
at the time of cooling to 90 or less Torrs, and cools an alloy molten 
metal by making differential pressure of the top face of an alloy molten 
metal and inferior surface of tongue in a nozzle into 0. 1 - 0. 5 kgf/cm2. 
[0024] (9) the average of the distance of the protruding lines which 
have the protruding line prolonged in the die-length direction in one 
[ at least ] principal plane, and adjoin each other — 100-300 
micrometers it is — permanent magnet ingredient characterized by things. 
[0025] (10) the center line average of roughness height (Ra) of the 
principal plane which has said protruding line — 0.05-4.5 micrometers 
it is — permanent magnet ingredient given in the above (9). 
[0026] (11) the average of the height of said protruding line — 0.7-30 
micrometers it is — permanent magnet ingredient the above (9) or given 
in (10). 

[0027] (12) The standard deviation of the thickness measured in the 
location of arbitration is 4 micrometers. The above (9) which is the 
following thru/or permanent magnet ingredient given in either of (11). 
[0028] (13) The above (9) manufactured by the above (1) thru/or either 
of (6) using the cooling roller of a publication thru/or a permanent 
magnet ingredient given in either of (12). 

[0029] (14) Permanent magnet ingredient powder characterized by having 
ground the permanent magnet ingredient of a publication to the above (9) 
thru/or either of (13), and being manufactured. 
[0030] 

[Function and Effect] By the piece rolling method and the congruence 
rolling method, the cooling rate of an alloy increases, so that the 
peripheral velocity of a cooling roller becomes quick. This is for the 
cooling roller surface area supplied to per unit time amount to increase, 
when peripheral velocity becomes quick. On the other hand, if 
irregularity exists in a cooling roller peripheral surface, although the 
heights of a cooling roller peripheral surface stick the alloy molten 
metal in contact with a cooling roller peripheral surface, its adhesion 
with a crevice is low, and the adhesion with a crevice will fall further, 
so that peripheral velocity becomes quick. For this reason, the touch 
area of a cooling roller peripheral surface and an alloy becomes small, 
so that peripheral velocity is quick, and a cooling rate falls compared 
with a cooling roller with a smooth peripheral surface. 
[0031] Therefore, since the cooling rate of an alloy molten metal brings 



a result by which the increment in a cooling rate by increase of the 
cooling roller surface area supplied and the cooling rate fall depending 
on the surface roughness of a cooling roller peripheral surface were 
synthesized, if the surface roughness of a cooling roller peripheral 
surface differs, even if peripheral velocity is fixed, a cooling rate 
will change. 

[0032] Since the cooling roller of this invention has the slot which 
extends in a hoop direction in a predetermined pitch and the increment 
in a cooling rate by increase of the cooling roller surface area 
supplied and the cooling rate fall depending on the surface roughness of 
a cooling roller peripheral surface balance mostly, even if peripheral 
velocity changes, the cooling rate of an alloy hardly changes and, 
moreover, does not almost have the variation in the cooling rate by the 
location, either. 

[0033] For this reason, even if it changes the peripheral velocity of a 
cooling roller, the diameter of crystal grain hardly changes, but the 
permanent magnet ingredient obtained by this invention has the very low 
peripheral-velocity dependency of magnetic properties. Moreover, since 
the distance between slots has gathered, the variation in the diameter 
of crystal grain in a principal plane is very small. Therefore, it is 
not necessary to make peripheral-velocity management of a cooling roller 
strict and, and by low cost, the practical life of equipment is also 
stabilized and can mass-produce the small permanent magnet ingredient of 
elongation and property variation. 

[0034] furthermore, since the cooling rate of about 1 law is obtained 
with a wide range peripheral velocity, a thickness change of a permanent 
magnet ingredient can be made free by peripheral-velocity modification, 
and the magnetic-properties fluctuation at this time is very small, 
therefore, a thin permanent magnet ingredient obtains, without making 
thin the diameter of an alloy molten metal injection nozzle — having — 
a permanent magnet ingredient with the high content of the crystal grain 
of a desirable particle size — mass-production nature — it can 
manufacture highly. 

[0035] Moreover, even when manufacturing the permanent magnet ingredient 
of the same thickness with the optimal peripheral velocity, high 
magnetic properties are acquired by using the cooling roller of this 
invention. 
[0036] 

[Elements of the Invention] Hereafter, the concrete configuration of 
this invention is explained to a detail. 

[0037] In this invention, the alloy of the shape of a molten metal 



containing Fe or Fe, and Co and B is injected from a nozzle, by making 
the peripheral surface of the cooling roller which is rotating to a 
nozzle contact, said alloy is cooled and a permanent magnet ingredient 
is manufactured. [ R (however R is one or more sorts of the rare earth 
elements containing Y. ), and ] That is, in this invention, the piece 
rolling method or the congruence rolling method is used for quenching of 
an alloy molten metal. 

[0038] As shown in <slot of cooling roller peripheral surface) drawing 
1 , the cooling roller 13 of this invention has a slot in a peripheral 
surface, the average of the distance Di of the adjacent slots in the 
field in which an alloy molten metal contacts at least in the cross 
section of the arbitration which the slot on the peripheral surface has 
extended in the hoop direction, and includes the shaft of a cooling 
roller — 100-300 micrometers it is . An alloy molten metal stops being 
able to invade into Mizouchi easily as the average of distance Di is 
said under range. For this reason, the effectiveness which an alloy 
molten metal is no longer cooled by homogeneity, and controls 
fluctuation of a cooling rate falls remarkably. Since the adhesion in a 
slot does not fall even if peripheral velocity becomes high when 
distance Di has exceeded said range, the cooling rate control 
effectiveness becomes low too. In addition, it is desirable about all 
slots that distance Di is said range, and it is more desirable that 
distance Di is the same about all slots. 

[0039] Not only when the direction and hoop direction of a slot are in 
agreement that the slot has extended in the hoop direction in this 
specification, but these may cross. For example, when a cooling roller 
is rotated and cutting is carried out, moving a cutting tool crosswise 
[ of a cooling roller peripheral surface ], a spiral slot is formed and 
the direction and hoop direction of a slot are not in agreement. The 
include angle of the direction of a slot and a hoop direction to make is 
preferably made into 30 degrees or less. When a spiral slot is formed by 
the above-mentioned approach, said include angle usually becomes 3 
degrees or less. 

[0040] Moreover, although one continuous slot is formed in a peripheral 
surface in a predetermined pitch by the above-mentioned cutting, in this 
invention, you may be not the continuation slot that two or more slots 
may be formed and carries out a peripheral surface 1 round but the 
intermittent slot, and the slot may lie in a zigzag line. 
[0041] the average of the depth of flute Dd of the field where an alloy 
molten metal contacts — 1-50 micrometers it is — things are desirable. 
When it considers as the depth which exceeds said especially range when 



the average of the depth Dd separates from said range, the cooling rate 
control effectiveness becomes inadequate. In addition, it is desirable 
about all slots that the depth Dd is said range, and it is more 
desirable that the depth Dd is substantially equal about all slots. 
[0042] Although especially the cross-section configuration of the slot 
in a cross section including the shaft of a cooling roller is not 
limited, when a cross-section configuration is a letter of a sign curve, 
heights and the crevice of the thing with the good adhesion control 
effectiveness of an alloy molten metal are the shape not of a rectangle 
but the cases where it is connected smoothly. In addition, the cross- 
section configuration of a slot can be checked with a sensing-pin type 
surface roughness meter etc. 

[0043] Although what is necessary is not to limit especially the 
approach of forming a slot in a cooling roller, but just to choose from 
various kinds of machining methods, chemical etching methods, etc. 
suitably, cutting which described the precision of the distance between 
slots above from the ability to do highly as machining is desirable. 
[0044] the center line average of roughness height (Ra) of a peripheral 
surface in contact with the alloy molten metal of a <surface roughness 
of cooling roller peripheral surface) cooling roller — 0.07-5 
micrometers especially — 0. 15-4 micrometers it is — things are 
desirable. Even if it makes peripheral velocity increase that Ra of a 
cooling roller peripheral surface is said under range, the adhesion of a 
cooling roller peripheral surface and an alloy will not fall, but the 
peripheral-velocity dependency of a cooling rate will become high. When 
Ra of a cooling roller exceeds said range, it is in the inclination to 
become so large that the surface roughness of a cooling roller 
peripheral surface not disregarded to the thickness of a permanent 
magnet ingredient, and for thickness to become an ununiformity. In 
addition, the center line average of roughness height (Ra) is specified 
to JIS B 0601. 

[0045] In order to make smaller variation in the diameter of crystal 
grain of a <cooling roller surface layer> permanent magnet ingredient, 
it is desirable to consider a cooling roller as the configuration in 
which Cr surface layer was formed on the surface of the base material. 
In this case, a base material is chosen so that the thermal conductivity 
of Cr surface layer may become lower than the thermal conductivity of a 
base material. Especially the thermal conductivity of Cr surface layer 
is usually below 0. 45J/ (cm-s-K) below 0. 6J7 (cm-s-K) . In addition, the 
thermal conductivity in this specification is a value in ordinary 
temperature and ordinary pressure. 



[0046] Vickers hardness Hv of Cr surface layer It takes or more for 600 
500 or more preferably. Hv The abrasion loss of Cr surface layer at the 
time of alloy molten metal cooling increases that it is less than 500, 
and it is Ra. In order to change, the variation in magnetic properties 
arises in lot-to-lot. Moreover, Hv of Cr surface layer It takes or less 
for 1050 1200 or less preferably. Hv When 1200 is exceeded, when cooling 
of an alloy molten metal is repeated and is performed, the crack of Cr 
surface layer and exfoliation may arise by the thermal shock, and 
cooling of an alloy molten metal may become impossible substantially. 
[0047] the thickness of Cr surface layer — 10-100 micrometers 
especially — 20-50 micrometers it is — things are desirable. If the 
thickness of Cr surface layer is said within the limits, the deposit of 
the grain boundary phase which heat transfer to a base material is 
performed promptly, consequently mainly consists of R PUA phases will 
become good, and a high residual magnetic flux density will be obtained. 
Such effectiveness will not be acquired if the thickness of Cr surface 
layer separates from said range. In addition, what is necessary is just 
to make the decision of the concrete thickness of said within the limits 
in consideration of various conditions, such as a dimension of a cooling 
roller, and relative velocity of a cooling roller and an alloy molten 
metal. 

[0048] Although there is especially no limit in the formation approach 
of Cr surface layer and it can choose from various approaches, such as 
liquid phase plating, a vapor plating, thermal spraying, adhesion of 
sheet metal, and a shrink fitting of a cylindrical member, since control 
of Vickers hardness is easy, forming with electroplating is desirable. 
What is necessary is just to control various conditions, such as current 
density, source concentration of Cr of a plating bath, and plating bath 
temperature, in order to control the Vickers hardness of Cr surface 
layer in electroplating. In addition, the front face may be ground after 
Cr surface layer formation if needed. 

[0049] Cr may be included near the roll side of the permanent magnet 
ingredient obtained using the cooling roller which has such a surface 
layer. This Cr is diffused from a cooling roller peripheral surface at 
the time of high-speed quenching. In this case, from a roll side, the 
range of Cr content is 20nm or less in the thickness direction, and it 
is 10-500 ppm. It is extent. 

[0050] There is especially no limit and the base material of a cooling 
roller can choose it, if it consists of the quality of the materials 
with which the relation of the above thermal conductivity is filled. For 
example, copper, a copper system alloy, silver, a silver system alloy, 



etc. can be used, when using for high-speed quenching of an alloy with 
the low melting point, aluminum and an aluminum system alloy can also be 
used, but that thermal conductivity is high and since it is cheap, it is 
desirable to use copper or a copper system alloy. As a copper system 
alloy, a copper beryllium alloy etc. is desirable. As for the thermal 
conductivity of a base material, it is desirable that it is more than 
1. 4J/(cm-s-K), and it is more than 2. 5J/ (cm-s-K) still more preferably 
more than 2J/ (cm-s-K) more preferably. 

[0051] In addition, in order to obtain Cr surface layer of uniform 
thickness, after forming a slot in the peripheral surface of a base 
material, it is desirable to form Cr surface layer by liquid phase 
plating, the vapor plating, thermal spraying, etc. Moreover, in forming 
Cr surface layer by adhesion of sheet metal, the shrink fitting of a 
cylindrical member, etc., it forms a slot after adhesion or a shrink 
fitting, using sheet metal and the cylindrical member which have a slot. 
[0052] <Permanent magnet ingredient) The permanent magnet ingredient 
which is cooled by the cooling roller mentioned above and is obtained 
has the protruding line prolonged in the die-length direction in one 
[ at least ] principal plane. And the average of the distance of 
adjacent protruding lines is usually 100-300 micrometers. It becomes. 
Moreover, the average of convex height is usually 0.7-30 micrometers, 
when the average of the depth of flute is said range. It becomes extent. 
Moreover, Ra of the roll side of a permanent magnet ingredient It is 
usually Ra of a cooling roller peripheral surface. It becomes the 
following. This is for the adhesion of an alloy and a cooling roller to 
fall, so that the peripheral velocity of a cooling roller increases, as 
described above. Ra of a cooling roller peripheral surface When it is 
said range, it is Ra of the roll side of a permanent magnet ingredient. 
Ra of a cooling roller peripheral surface It corresponds and is 0.05-4.5 
micrometers. It is 0. 13-3. 7 micrometers preferably. It becomes. 
[0053] In addition, quenching Ushiro' s permanent magnet ingredient is 
the particle diameter of 30-700 micrometers. It is ground to extent and 
applied to a B0NDIDD0 magnet etc. Ushiro who did disintegration can also 
check the above-mentioned convex one by observing the roll side of a 
particle. 

[0054] With the permanent magnet ingredient obtained using the above- 
mentioned cooling roller When the most distant field from the thickness 
direction of a permanent magnet ingredient is set to D from the field 
(roll side) which contacted the cooling roller at the time of high-speed 
quenching and the near field of a roll side is set to P, Relation with 
the diameter p of average crystal grain in the diameters d and P of 



average crystal grain in D can be set to d/p<=2. 5 at d/p<=10 especially 
d/p<=4, and a pan. In addition, although the minimum of d/p is usually 1, 
when the cooling roller which has especially Cr surface layer when the 
cooling roller mentioned above is used is used, an about [1.5 
<=d/p<=2 ] good value can be acquired easily. 

[0055] The diameter of average crystal grain in each of these fields is 
the following, and is made and computed. A permanent magnet ingredient 
is usually obtained as the shape of thin band-like one, a thin film 
integrated circuit, or a flat particle, and both the rolls side where a 
roll side and it, and the field (free side) that counters counter by the 
congruence rolling method by becoming a principal plane turns into a 
principal plane by the piece rolling method. In this specification, the 
thickness direction of a permanent magnet ingredient means the direction 
of a normal of this principal plane. And the above-mentioned field D 
turns into a field near the free side by the piece rolling method, and 
serves as near the thickness direction (cooling direction) center by the 
congruence rolling method. Moreover, Field P turns into a field near the 
roll side. In this case, each width of face of the magnet thickness 
direction of Field D and Field P is set to one fifth of magnet thickness. 
[0056] the diameter d of average crystal grain in the above-mentioned 
field D — 0.01-2 micrometers especially — 0.02-1.0 micrometers it is - 
- the diameter [ in / things are desirable and / Field P ] p of average 
crystal grain — 0.005-1 micrometer especially — 0.01-0.75 micrometers 
it is — things are desirable. An energy product falls that mean 
particle diameter is under this range, and if this range is exceeded, 
high coercive force will not be acquired. It is desirable to perform 
measurement of the diameter of average crystal grain in these fields 
with a scanning electron microscope. 

[0057] moreover, the width of face of the grain boundary — Field D — 
setting — 0.001-0.1 micrometers especially — 0.002-0.05 micrometers it 
is — things ~ desirable — Field P — setting — 0.001-0.05 
micrometers especially — 0.002-0.025 micrometers it is — things are 
desirable. High coercive force is not acquired with the width of face of 
the grain boundary being under this range, but if this range is exceeded, 
saturation magnetic flux density will fall. 

[0058] In addition, the thickness of a permanent magnet ingredient is 10 
micrometers. Considering as the above is desirable. Thickness is 10 
micrometers. It is because surface area will increase superfluously in a 
powder chemically-modified [ at the time of making it a B0NDIDD0 
magnet ] degree, and its handling and it will become easy to oxidize, if 
it becomes the following. 



[0059] When using the piece rolling method, the thickness of a permanent 
magnet ingredient is 60 micrometers. Considering as the following is 
desirable. By considering as such thickness, the difference of the 
diameter of average crystal grain by the side of a roll side and a free 
side can be made small. Moreover, it is 45 micrometers, without 
extracting the path of the injection nozzle of an alloy molten metal, 
since an almost fixed cooling rate will be obtained in the large 
peripheral-velocity range if the above-mentioned cooling roller is used. 
The thin band-like permanent magnet ingredient of the following 
thickness can be obtained. 

[0060] In addition, for a permanent magnet ingredient, the standard 
deviation of the thickness measured in the location of arbitration is 4 
micrometers. It is desirable that it is the following. Since the 
variation in the diameter of crystal grain will also become small if the 
variation in thickness is small, when it grinds, the magnet powder which 
consists of a magnet particle to which the property was equal is 
obtained. Moreover, since the permanent magnet ingredient with uniform 
thickness has the high efficiency of comminution, the sharp magnet 
powder of particle size distribution is obtained. For this reason, the 
B0NDIDD0 magnet of high coercive force and a high residual magnetic flux 
density is realized. Although the fall of the adhesion of alloy molten 
metals, such as lack of a pressure at the time of carrying out the 
regurgitation of the alloy molten metal from the contamination and the 
nozzle of a controlled atmosphere, and a cooling roller peripheral 
surface is mentioned as a fluctuation factor of thickness, if the 
cooling roller which has the above-mentioned slot is used, the touch 
area of an alloy molten metal and a cooling roller peripheral surface 
will increase, adhesion will improve, and the standard deviation of 
thickness is 4 micrometers. The following permanent magnet ingredients 
are obtained easily. 

[0061] If the alloy molten metal cooled with the cooling roller of this 
invention contains Fe or Fe, and Co and B, there will be especially no 
limit in a presentation, and no matter it may be presentation [ what ], 
effectiveness of this invention is realized. [ R (however, R is one or 
more sorts of the rare earth elements containing Y. ), and ] And the 
permanent magnet ingredient obtained by cooling has only the main phase 
of the crystal structure of tetragonal system substantially, or has such 
a main phase and the subphase of an amorphous substance and/or a 
crystalline substance. A tetragonal compound stable as a R-T-B compound 
(T is Fe and/or Co) is R2 T14B (R= 11.76 atom %, T= 82.36 atom % B= 
5.88 atom %), and the main phase is substantially formed from this 



compound. Moreover, a subphase exists as the grain boundary of the main 
phase. 

[0062] The desirable example of a configuration in the case of applying 
the cooling roller of Manufacture approach) this invention to the piece 
rolling method under the ambient atmosphere of the comparatively high 
pressure of ordinary pressure extent is shown in drawing 3 . 
[0063] The windshield cooling roller 13 and a nozzle 12 are in an inert 
gas ambient atmosphere, and the cooling roller 13 is rotating them in 
the direction of an arrow head. About 13-cooling roller inert gas serves 
as a gas stream which has the rate of a cooling roller hand of cut 
according to the viscosity. It is injected from a nozzle 12, is 
contacted and cooled by the peripheral surface of a cooling roller 13, 
and the alloy molten metal 11 serves as the thin band-like permanent 
magnet ingredient 112, and flies away to the hand of cut of a cooling 
roller 13. Near the cooling roller peripheral surface on the right-hand 
side of a nozzle 12 (near side of a hand of cut), the windshield 2 is 
formed all over drawing. A part of above mentioned inert gas style [ at 
least ] which a windshield 2 accompanies cooling roller 13 peripheral 
surface, and flows is intercepted, and it suppresses that said gas 
stream hits a paddle (the alloy molten metal which exists between nozzle 
12 point and cooling roller 13 peripheral surface collecting) 113. The 
amount of inert gas involved in between a cooling roller peripheral 
surface and the injected alloy molten metal by this can be reduced. 
[0064] When not decompressing especially at the time of cooling of an 
alloy molten metal, it is desirable to prevent said gas stream hitting 
the paddle 113 neighborhood which forms a windshield 2 before a nozzle 
12 in this way, and consists of alloy molten metals 11. Since it is 
suppressed remarkably that inert gas is involved in between an alloy and 
a cooling roller peripheral surface, the adhesion of an alloy and a 
cooling roller peripheral surface improves, and location-dispersion of 
the cooling rate of a roll side decreases and dispersion in the diameter 
of crystal grain by the side of a free side also decreases by such 
configuration, the detailed and uniform grain structure is obtained and 
the permanent magnet which has high magnetic properties is realized. 
[0065] If said a part of gas stream [ at least ] which reaches a paddle 
113 can be intercepted, there will be especially no limit in the 
configuration, but a windshield 2 is easy to manufacture, and since the 
gas stream screening effect is high, as shown in drawing 3 , using a 
plate, it is desirable [ a windshield ] to carry out configuration 
processing and to consider as a windshield 2. The windshield 2 shown in 
drawing 3 has two flections, and consists of the three monotonous 



sections. When the tabular windshield 2 has elasticity, the monotonous 
section nearest to a cooling roller has the operation of a windshield 2 
which surfaces the lower part from a cooling roller peripheral surface 
at least in response to the gas stream accompanying cooling roller 
rotation. By adjusting the include angle of this monotonous section and 
a cooling roller peripheral surface to make, and the area of this 
monotonous section, it is possible to control distance with the flying 
height, i.e., a windshield, and a cooling roller peripheral surface. 
However, it is good also as a configuration which is not based on 
rotation of a cooling roller but keeps the distance of a windshield and 
a cooling roller constant using a rigid high windshield. 
[0066] Moreover, the windshield of a configuration as shown in the 
following besides the windshield of a configuration of being shown in 
drawing 3 is desirable. For example, it is good also as a configuration 
which intercepts a part of gas stream [ at least ] which forms a side 
plate which covers a part of cooling roller side face [ at least ] at 
the crosswise edge of the windshield of a configuration of being shown 
in drawing 3 , covers with this side plate to an about 113-paddle 
cooling roller side face preferably, and flows from near a paddle side 
face. Moreover, it is good also as a configuration which prepares the 
windshield which curved in the lengthwise direction or the longitudinal 
direction, for example, the windshield of a cross-section U typeface, so 
that a paddle may be surrounded, rectifies a gas stream, and stops the 
contamination of the gas stream near a paddle. 
[0067] Although what is necessary is not to limit especially the 
distance of a windshield 2 and a cooling roller peripheral surface, but 
just to set up suitably according to the location of a windshield, the 
peripheral velocity of a cooling roller 13, etc., the rate of the gas 
stream generated with cooling roller rotation is the highest at a 
cooling roller peripheral surface, and since it decreases rapidly as it 
separates from a peripheral surface, in order to intercept said gas 
stream effectively, it is desirable to set said distance at the time of 
cooling roller rotation especially to 3mm or less 5mm or less. Moreover, 
although there is especially no minimum of said distance, since a 
windshield and a cooling roller peripheral surface may contact with the 
irregularity of a cooling roller peripheral surface, the eccentricity of 
a cooling roller, etc. at the time of cooling roller rotation, in order 
to avoid this, it is desirable [ said especially distance ] to be 
referred to as 0.2mm or more 0.1mm or more. In addition, although it is 
desirable to continue crosswise [ of a windshield ] and to suppose that 
it is fixed as for said distance, as long as it is said within the 



limits, you may change with locations. 

[0068] Moreover, although especially the width of face (distance between 
edges of the windshield in the cross direction of a cooling roller 
peripheral surface) of a windshield is not limited, it is desirable to 
carry out to more than the width of face of a cooling roller peripheral 
surface, and lengthening is more desirable than especially the width of 
face of a cooling roller peripheral surface about 10%. 
[0069] There is especially no limit also in the height of a windshield. 
Namely, what is necessary is just to set up height suitably if needed, 
since the modality of the gas stream which should be intercepted changes 
with peripheral velocity of a cooling roller etc. Moreover, since the 
nozzle which held the alloy molten metal is also exposed to said gas 
stream, when using the nozzle which is easy to be cooled, it is 
desirable to set up the height of a windshield so that the gas stream 
equivalent to a nozzle can be intercepted. Since molten metal 
temperature can be stabilized and the molten metal discharge quantity 
from a nozzle can be stabilized by preventing cooling of a nozzle, a 
homogeneous permanent magnet ingredient can be obtained in the die- 
length direction, and a lot-to-lot property difference can also be 
lessened. 

[0070] Although what is necessary is just to set up a location suitably 
according to a dimension, peripheral velocity, etc. of a cooling roller 
so that especially the location of the windshield to a nozzle may not be 
limited but gas stream contamination can be prevented effectively, when 
a cooling roller peripheral surface is accompanied and it measures, it 
is usually desirable [ the distance of a nozzle center position and a 
windshield ] to consider especially as 70mm or less extent 150mm or less. 
[0071] Especially the quality of the material of a windshield is not 
limited. Namely, what is necessary is just to choose various metals, 
resin, etc. from what can intercept a gas stream suitably. 
[0072] In inhalation-of-air means this invention, an inhalation-of-air 
means may be established near the cooling roller 13 peripheral surface 
between a windshield 2 and a paddle 113. An inhalation-of-air means 
achieves the operation which carries out the inhalation of air of the 
controlled atmosphere near a paddle, and decompresses it partially, and 
reduces further the amount of the controlled atmosphere involved in 
between an alloy molten metal and a cooling roller peripheral surface. 
[0073] Although especially the configuration of an inhalation-of-air 
means is not limited, it is desirable to use what has a slit-like inlet 
[ as / whose longitudinal direction is the cross direction of a cooling 
roller peripheral surface ]. It is desirable to use the inhalation-of- 



air member 200 of a configuration of to be shown, for example in drawing 
3 and drawing 4 as such an inhalation-of-air means. The inhalation-of- 
air member 200 shown in drawing 4 R> 4 has the cylinder-like peripheral 
wall 201 and the slit-like inlet 202 which penetrates this peripheral 
wall 201. The longitudinal direction of the slit-like inlet 202 is 
almost parallel to the shaft of an inhalation-of-air member, i.e., the 
shaft of the cylinder-like peripheral wall 201. One edge (in the example 
of illustration, it exists in the side front of space.) of the cylinder- 
like peripheral wall 201 is blockaded, the gas pipe 204 which is open 
for free passage in a peripheral wall 201 through the free passage hole 
203 is connected to the other-end section, and the pump which is not 
illustrated is connected to the other end of this gas pipe 204. A 
controlled atmosphere is inhaled by the drive of a pump from the slit- 
like inlet 202, and it decompresses near the slit-like inlet 202. 
[0074] Such an inhalation-of-air member 200 is arranged near the cooling 
roller so that the shaft of an inhalation-of-air member and the shaft of 
said cooling roller may become almost parallel. And whenever [ near a 
paddle / reduced pressure ] is controllable by making it rotate, 
changing the location to the paddle 113 of the inhalation-of-air member 
200, or changing the inspired air volume of a controlled atmosphere so 
that the shaft may serve as the center of rotation mostly in the 
inhalation-of-air member 200. 

[0075] Since the effectiveness of an inhalation-of-air means changes 
with an inlet configuration, the dimension, the inspired air volume per 
unit time amount, etc. Although what is necessary is just to determine 
experimentally that especially the location of a slit-like inlet is not 
limited but desired effectiveness is acquired Usually, when a cooling 
roller peripheral surface is accompanied and it measures, as for the 
distance of an inlet and a nozzle, it is desirable to be referred to as 
about 5-70mm, and as for the distance of an inlet and a cooling roller 
peripheral surface, it is desirable to be referred to as about 0. l-15mm. 
[0076] In addition, the concrete configuration about a windshield and an 
inhalation-of-air means investigates irregularity, a diameter of crystal 
grain, etc. of a roll side of a permanent magnet ingredient which were 
manufactured, and should just determine them experimentally. 
[0077] It is desirable to push against a cooling roller side the alloy 
which exists near a cooling roller peripheral surface, and to make the 
contact time of an alloy and a cooling roller peripheral surface extend 
by spraying an inert gas style in the direction which tends toward a 
cooling roller peripheral surface in inert gas blasting this invention. 
[0078] By the piece rolling method, as it is dragged by the cooling 



roller peripheral surface, it becomes thin band-like and is cooled, and 
subsequently the alloy molten metal which collided with the cooling 
roller peripheral surface to rotate separates from a cooling roller 
peripheral surface. In such a piece rolling method, if the alloy touches 
the cooling roller peripheral surface long enough, both roll side and 
free side sides will be comparatively cooled by homogeneity by heat 
conduction to a cooling roller. That is, in order to obtain the uniform 
quenching alloy of the diameter of crystal grain, when the roll side 
side of an alloy has solidified mostly and a free side side is in a 
melting condition, it is needed for the alloy to fully touch the cooling 
roller peripheral surface. 

[0079] However, although it is mainly cooled in a roll side side by heat 
conduction to a cooling roller in order that a molten metal-like R-Fe-B 
system alloy may separate from a roll peripheral surface promptly, after 
colliding with a cooling roller peripheral surface, it will mainly be 
cooled by heat dissipation into an ambient atmosphere in a free side 
side, and a cooling rate will be extremely different by the roll side 
side and free side side. 

[0080] Then, if the contact time of an alloy and a cooling roller 
peripheral surface is made to extend by the above-mentioned approach, 
the rate for which it depends on heat conduction to a cooling roller in 
cooling by the side of a free side will increase, and the difference of 
the cooling rate by the side of a roll side and a free side will become 
remarkably small. Moreover, since inert gas is sprayed on a free side 
side, the cooling rate by the side of a free side improves further. 
Therefore, the difference of a cooling rate becomes small by the roll 
side and free side side. Moreover, since cooling effectiveness improves, 
the rotational speed of the cooling roller needed becomes low about 5 to 
15%, for example, and the burden of a cooling system decreases. 
[0081] The configuration which sprays an inert gas style on drawing 3 is 
shown concretely. By the piece rolling method shown in drawing 3 , an 
alloy 111 is cooled from an one direction by injecting the alloy molten 
metal 11 from a nozzle 12, making it collide with the peripheral surface 
of the cooling roller 13 which is rotating to a nozzle 12, and 
contacting the alloy 111 which exists near cooling roller 13 peripheral 
surface to cooling roller 13 peripheral surface. In addition, a cooling 
roller 13 consists of the base materials 131 and surface layers 132 
which were mentioned above. 

[0082] And the contact time of the alloy 111 and cooling roller 13 
peripheral surface which exist near cooling roller 13 peripheral surface 
is made to extend by spraying an inert gas style in the direction which 



tends toward cooling roller 13 peripheral surface. When not spraying an 
inert gas style, the alloy after colliding with a cooling roller 13 will 
separate from cooling roller 13 peripheral surface, as the drawing 
middle point line showed, and the contact time of an alloy and a cooling 
roller peripheral surface will become short. 

[0083] In addition, although an alloy 111 is based also on distance from 
a nozzle 12, it is in a coagulation object, a melting object, or the 
condition that these [ both ] exist, and a roll side side has many rates 
of a coagulation object, and it is usually thin band-like [ with many 
rates of a melting object ] at a free side side. 

[0084] If the direction on which an inert gas style is sprayed is a 
direction which tends toward cooling roller 13 peripheral surface on 
both sides of an alloy 111, there will be especially no limit, but as an 
arrow head shows in drawing 3 , it is desirable to spray so that the 
include angle of the direction of blasting of an inert gas style and the 
travelling direction of the thin band-like permanent magnet ingredient 
112 obtained by cooling to accomplish may serve as an obtuse angle. As 
for this include angle, it is desirable that it is about 100-160 degrees. 
This is for the sprayed inert gas to prevent hitting a paddle 113 
directly, and to maintain a paddle at a steady state. When inert gas is 
directly sprayed on a paddle, some paddles may be cooled, the viscosity 
of the part may become high, and the configuration of a paddle may 
change. For this reason, the alloy thin band of uniform thickness is no 
longer obtained. In addition, the travelling direction of the thin band- 
like permanent magnet ingredient 112 is almost equal to the tangential 
direction of the cooling roller peripheral surface in the location where 
an alloy 111 separates from cooling roller 13 peripheral surface. 
[0085] Moreover, the alloy immediately after colliding with a cooling 
roller is in a melting condition from a free side to a quite deep part, 
if gas is sprayed on the alloy of this condition, a free side will 
lenticulate according to a gas stream, it will be in a condition, and 
the alloy thin band of uniform thickness will not be obtained, and will 
produce slowness and fastness in the heat transfer within an alloy, and 
will produce dispersion in the diameter of crystal grain. For this 
reason, as for spraying inert gas on the alloy immediately after 
colliding with a cooling roller, avoiding is desirable. 
[0086] As for the location which sprays inert gas on an alloy, 
specifically, it is desirable that it is the location which the path of 
a nozzle 12 left 5 or more times with the location as the starting point 
where an alloy molten metal collides with a cooling roller. 
[0087] Moreover, in the location extremely distant from the paddle, 



since the free side side of an alloy has solidified completely, the 
effectiveness described above even if it sprayed inert gas is not 
acquired. Therefore, although the diameter of a cooling roller etc. is 
depended on other conditions, as for the location which sprays inert gas 
on an alloy, for example, it is desirable to consider as the location 
which the path of a nozzle 12 left 50 or less times with the location as 
the starting point where an alloy molten metal collides with a cooling 
roller. In addition, with the location on which the inert gas in this 
case is sprayed, it considers as the edge of the side near the nozzle 12 
of a gas stream instead of the core of an inert gas style. Moreover, 
with the diameter of a nozzle in case a nozzle is a slit-like, it 
considers as the path measured to the cooling roller hand of cut. Thus, 
the location on which inert gas is sprayed is related to the diameter of 
a nozzle, and is defined for the condition and cooling effectiveness of 
a paddle changing by the size of the diameter of a nozzle, and the 
melting condition of an alloy changing according to these. 
[0088] There is especially no limit in various conditions, such as the 
direction of blasting of inert gas, a flow rate, the rate of flow, and 
an injection pressure. Various conditions, such as injection capacity of 
the diameter of a nozzle and an alloy molten metal, a dimension of a 
cooling roller, and an ambient atmosphere at the time of cooling, are 
taken into consideration. Although what is necessary is just to set up 
still more nearly experimentally so that the desirable diameter of 
crystal grain may be obtained by the roll side [ of an alloy ], and free 
side side For example, when injecting an alloy molten metal from the 
nozzle of diameter extent of 0. 3-5mm in the inert gas ambient atmosphere 
of 1 atmospheric-pressure extent, as for inert gas, it is desirable to 
be injected from a slit [ as / whose longitudinal direction is the cross 
direction of an alloy thin band ]. In this case, as for the dimension of 
about 0. 2-2mm and a slit longitudinal direction, it is [ slit width ] 
desirable that the distance of the 3 or more times, slit, and cooling 
roller peripheral surface of an alloy thin bandwidth is about 0. 2-15mm. 
Moreover, as for an injection pressure, it is desirable that it is about 
l-9kg/cm2. When the distance of a slit and a cooling roller peripheral 
surface becomes said under range, a slit and the alloy on a cooling 
roller peripheral surface may contact. Moreover, the inert gas injected 
when said distance exceeded said range is spread, and predetermined 
effectiveness becomes is hard to be acquired, and a paddle becomes is 
easy to be cooled. 

[0089] Although there is especially no limit in the means for spraying 
inert gas, it is desirable to use the injection member which has inert 



gas injection tips, such as the shape of a slit which was described 
above, in this invention. Moreover, it is desirable by rotating or 
moving an injection member to consider as the configuration which can 
change the blasting location of an inert gas style, i. e. , the location 
where the edge of the side near the nozzle of an inert gas style 
contacts an alloy. 

[0090] It is desirable to specifically use an injection member as shown 
in drawing 5 . The injection member 100 shown in drawing 5 has the 
cylinder-like peripheral wall 101 and the slit-like injection tip 102 
which penetrates this peripheral wall 101. The longitudinal direction of 
the slit-like injection tip 102 is almost parallel to the shaft of an 
injection member, i.e., the shaft of the cylinder-like peripheral wall 
10L It is blockaded and the gas pipe 104 which is open for free passage 
in a peripheral wall 101 through the free passage hole 103 is connected 
to the other-end section, and one edge (in the example of illustration, 
it exists in the side front of space.) of the cylinder-like peripheral 
wall 101 is constituted so that inert gas may be sent into the injection 
member 100 interior by this. From the slit-like injection tip 102, the 
inert gas with which it filled up in the injection member 100 has 
directivity, and is injected. 

[0091] Such an injection member 100 is arranged near the cooling roller 
so that the shaft of an injection member and the shaft of said cooling 
roller may become almost parallel. And the direction of blasting of an 
inert gas style can be changed free by rotating the injection member 100 
so that the shaft may serve as the center of rotation mostly. 
[0092] As for the permanent magnet ingredient manufactured in this mode, 
it is possible for the inert gas sprayed at the time of cooling to 
detect to be mostly contained near the free side near the roll side. For 
example, it is Ar gas and N2 as inert gas to spray. When gas is used, 
Auger analysis etc. can detect easily. In this case, the range of the 
content of inert gas is 50nm or less from a free side to the thickness 
direction, for example, it is 50-500 ppm. It is extent. 
[0093] In addition, as for the inert gas sprayed on an alloy molten 
metal, it is desirable to use a controlled atmosphere and a thing of the 
same kind. 

[0094] There is especially no limit in the inert gas which is a 
controlled atmosphere at the time of carrying out ambient atmosphere 
this invention, and it is Ar gas, helium gas, and N2. Although what is 
necessary is just to choose from various inert gas, such as gas, 
suitably, it is desirable to use Ar gas. Moreover, what is necessary is 
for there to be especially no limit also in the pressure of a controlled 



atmosphere, and just to determine it as it suitably. For example, what 
is necessary is just to carry out in the inert gas style of 0. 1 - 2 
atmospheric-pressure extent, usual, and one atmospheric pressure, in 
order to make structure of equipment simple. Even when an alloy molten 
metal is cooled in the gas stream of such a pressure, the above- 
mentioned windshield or by using an inhalation-of-air means further, 
controlled atmosphere contamination of a between [ an alloy molten metal 
and cooling rollers ] can be lessened remarkable, and homogeneity of the 
diameter of crystal grain near the roll side can be made high. For 
example, being referred to especially as lOnm or less can make easy 13nm 
or less of standard deviation of the diameter of crystal grain in the 
field near the roll side. The field near the roll side in this case is 
the same as the field P mentioned above, and it is a field from a roll 
side to 1/5 of magnet thickness. 

[0095] As for the standard deviation of the diameter of crystal grain in 
this field, computing as follows is desirable. First, the photograph 
with which about 100 or more crystal grain enters into a visual field 
with a transmission electron microscope all over the above-mentioned 
field is taken. 30 or more sheets of this photograph are preferably 
photoed 50 or more sheets at random all over the above-mentioned field, 
and the mean particle diameter in the inside of each visual field is 
measured by image analysis etc. The mean particle diameter in this case 
usually turns into an average diameter when converting crystal grain 
into a circle. Subsequently, it asks for the standard deviation of such 
mean particle diameter. 

[0096] When not preparing the windshield described above in the piece 
rolling method, and when using the congruence rolling method, it is 
desirable to maintain especially at the inert gas ambient atmosphere of 
10 or less Torrs 90 or less Torrs near the cooling roller peripheral 
surface where an alloy molten metal collides, and to cool an alloy. If 
it cools in such a reduced pressure ambient atmosphere, it is lost that 
inert gas is involved in between an alloy and a cooling roller 
peripheral surface, the adhesion of an alloy and a cooling roller 
peripheral surface will improve, partial dispersion of the cooling rate 
of a roll side will be lost, the detailed and uniform grain structure 
will be obtained, and the permanent magnet which has high magnetic 
properties will be realized. 

[0097] Moreover, when cooling the alloy of comparatively little 
presentation of R content, for example, the alloy whose R content is 6 - 
9.2 atom % extent, also in order to avoid the supercooling by the 
controlled atmosphere, it is desirable to cool in the reduced pressure 



ambient atmosphere of the above-mentioned range. 
[0098] In addition, although there is especially no minimum of the 
ambient pressure force, since it will become easy to produce discharge 
between the coil for high-frequency induction heating, and a cooling 
roller etc. if less than 10 to 3 Torrs of ambient pressure force are 
especially set to less than 10 to 4 Torrs when using a radio frequency 
heating method, in order to molten-metal-ize an alloy, it is desirable 
to make an insulation of a coil severe. 

[0099] The crevice which originates in a roll side side at controlled 
atmosphere contamination is hardly seen, and the permanent magnet 
ingredient manufactured in such a reduced pressure ambient atmosphere 
has the high homogeneity of the diameter of crystal grain near the roll 
side. For example, being referred to especially as 7nm or less can make 
easy lOnm or less of standard deviation of the diameter of crystal grain 
in the field near the roll side. 

[0100] In addition, also when cooling in a reduced pressure ambient 
atmosphere, the above-mentioned blasting of an inert gas style is 
effective. 

[0101] Although what is necessary is for there to be especially no limit 
in the dimension of the cooling roller used by cooling condition this 
invention, and just to consider as a suitable dimension according to the 
purpose, it is usually about 20-100mm in the diameter of 150-1500mm, and 
width of face. Moreover, the hole for water cooling may be prepared 
centering on the cooling roller. 

[0102] The peripheral velocity of a cooling roller is 1 - 50 m/s, 
especially 5 - 35 m/s preferably, although it changes also with various 
conditions, such as a presentation of an alloy molten metal, 
organization of the permanent magnet ingredient made into the purpose, 
and existence of heat treatment. Carrying out is desirable. The crystal 
grain of most permanent magnet ingredients obtained as peripheral 
velocity is under the above-mentioned range becomes large too much. 
Moreover, if peripheral velocity exceeds the above-mentioned range, most 
will become amorphous and magnetic properties will fall. 
[0103] In addition, a cooling roller is usually installed so that the 
shaft may become almost level. In this case, although a nozzle may be 
prepared on the apparent vertical which passes along the shaft of a 
cooling roller as shown in drawing 3 , you may prepare in the cooling 
roller hand-of-cut near side (drawing Nakamigi side) or hand-of-cut 
drawer back (left-hand side in drawing) of said apparent vertical if 
needed. The example prepared in the cooling roller hand-of-cut drawer 
back is shown in drawing 2 . In such a case, it is desirable to make 



into 45 degrees or less the include angle theta which a flat surface 
including the shaft of said apparent vertical and a cooling roller and a 
flat surface including the core (core of an alloy molten metal delivery) 
B of a nozzle and the shaft of a cooling roller make. 
[0104] Moreover, although it is good also as a configuration with which 
an alloy molten metal collides from a direction almost perpendicular to 
the peripheral surface of a cooling roller as shown in drawing 3 , it is 
desirable to make an alloy molten metal collide from across to a cooling 
roller peripheral surface, as preferably shown in drawing 2 . That is, 
it is desirable to carry out the regurgitation of the alloy molten metal 
to the cooling roller hand-of-cut drawer back (left-hand side in 
drawing) of a flat surface including the core B of a nozzle and the 
shaft of a cooling roller. When the center position of the alloy molten 
metal which collides with a cooling roller peripheral surface is 
specifically set to A, it is desirable to make into 45-78 degrees the 
include angle phi which the plane of composition and straight line AB of 
a cooling roller peripheral surface in A make. Thus, by making an alloy 
molten metal collide from across to a cooling roller peripheral surface, 
splashes of an alloy molten metal in case an alloy molten metal collides 
with a cooling roller peripheral surface are suppressed, and the 
adhesion of an alloy molten metal and a cooling roller becomes good. If 
such effectiveness will become inadequate if an include angle phi 
exceeds said range, and it becomes said under range, the inclination for 
an alloy molten metal to slide on a cooling roller peripheral surface 
will appear, and the adhesion of an alloy molten metal and a cooling 
roller peripheral surface will fall. 

[0105] When the location of the apparent vertical and cooling roller 
peripheral surface passing through a location B at which it crosses is 
set to C, as for the die length Ng of a straight line BC, it is 
desirable that it is l-7mm. Carrying out [ and ] thermal expansion of 
the cooling roller by cooling of an alloy molten metal, a cooling roller 
is 50 micrometers. Since the eccentricity of extent is unescapable, if 
distance Ng becomes said under range, fluctuation of the cooling 
conditions by these will pose a problem. If distance Ng exceeds said 
range, the breathed-out alloy molten metal will spread near a cooling 
roller peripheral surface, or will become liquid drop-like, and a 
homogeneous permanent magnet ingredient will become is hard to be 
obtained. 

[0106] The differential pressure (differential pressure) of the top face 
of an alloy molten metal and inferior surface of tongue in a nozzle is 
0.1-0.5 kgf/cm2. It considers as within the limits and it is desirable 



to keep it almost constant the inside of the alloy molten metal 
regurgitation. If differential pressure is kept almost constant and the 
regurgitation of the alloy molten metal is carried out within the limits 
of this, discharge quantity will be stabilized and the small permanent 
magnet ingredient of the variation in a property will be obtained. 
Differential pressure is generated according to the hydrostatic pressure 
of the alloy molten metal in a nozzle, the difference of the ambient 
pressure force of the top face of the alloy molten metal in a nozzle, 
and the ambient pressure force at the bottom, etc. What is necessary is 
to intercept the ambient atmosphere by the side of a cooling roller, and 
the ambient atmosphere by the side of the alloy molten metal top face in 
a nozzle, to decompress a cooling roller side, or to pressurize an alloy 
molten metal top-face side, and just to control differential pressure 
that what is necessary is just to control the amount of supply of the 
alloy molten metal into a nozzle, in order to compensate reduction of 
the differential pressure accompanying the regurgitation of an alloy 
molten metal and to maintain the differential pressure of the above- 
mentioned range. 
[0107] 

[Example] Hereafter, the concrete example of this invention is shown and 
this invention is further explained to a detail. 

[0108] The base material was rotated moving a cutting tool crosswise 
[ of the peripheral surface of the cylindrical base material made from a 
copper beryllium alloy ], and the spiral continuation slot was formed in 
the peripheral surface of a base material by cutting. Subsequently, Cr 
surface layer was formed with electroplating using the Sargent bath 
general to the peripheral surface of a base material, and it considered 
as the cooling roller. The thermal conductivity of a base material is 
0. 43 J/ (cm-s-K) , and the thermal conductivity of 3. 6J/ (cm-s-K) and Cr 
surface layer is Vickers hardness Hv of Cr surface layer. It was 950. 
The passing speed of the cutting tool in the case of cutting and the 
distance of a cutting tool and a base material were changed, and the 
cooling roller shown in the following table 1 was produced. In addition, 
the outer diameter of a base material is set to 400mm, and the thickness 
of Cr surface layer is 35 micrometers. It carried out. Cr surface layer 
was formed in the thickness of about 1 law as shown in drawing 1 . The 
slot of these cooling rollers was a letter of a sign curve as the cross- 
section configuration in a cross section including the shaft of a 
cooling roller indicated to be to drawing 1 . 

[0109] These cooling rollers were applied to the piece rolling method, 
and the thin band-like permanent magnet ingredient was manufactured as 



follows. 

[0110] First, the alloy ingot which has the presentation (a numeric 
value expresses atomic percent) of 9. 5Nd-2. 5Zr-8. 0B-80Fe was produced by 
the arc dissolution. The obtained alloy ingot was put into the quartz 
nozzle, and it considered as the shape of a molten metal by high- 
frequency induction heating. This alloy molten metal is breathed out 
from a nozzle, high-speed quenching is carried out with a cooling roller, 
and it is 45 micrometers in width of face of 2mm, and thickness. The 
thin band-like permanent magnet ingredient was obtained. The cooling 
roller was installed so that the shaft might become almost level, and 
the nozzle has been arranged so that it may be located on the apparent 
vertical by which the delivery passes along the shaft of a cooling 
roller. Moreover, the include angle phi was made into 35 degrees, and 
distance Ng was set to 5mm and it made the ambient atmosphere at the 
time of cooling Ar gas of 15Torr(s). Moreover, in connection with the 
regurgitation of an alloy molten metal, an alloy molten metal is poured 
in into a nozzle, and it is differential pressure 0.22 - 0.28 kgf/cm2 It 
maintained. 

[0111] It is the peripheral velocity of a cooling roller 28 m/s The 
coercive force (iHc) of the permanent magnet ingredient when carrying 
out and a maximum energy product ((BH) max), and iHc The width of face 
V80 of the peripheral velocity which becomes 80% or more of the maximum 
was investigated. The peripheral-velocity dependency of magnetic 
properties will be low, so that the value of V80 is large. These results 
are shown in Table 1. Moreover, the situation of the protruding line of 
the roll side of the permanent magnet ingredient corresponding to the 
slot of a cooling roller peripheral surface is shown in Table 1. 
[0112] 

[Table 1] 

ft*f]Q-;U Ra fi&f^S Ra iHc (BH)inax V 8 o 

No. (ixm) (/xm) (urn) (nm) (mid) (kOe) (MGOe) (m) 
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2.9 
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22 


3 


220 


15 


4.5 


12 


3.7 
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400 


12 


3.2 
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17.5 
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50 
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2.0 
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1.5 


8.1 


17.8 


4 



[0113] The effectiveness of this invention is clear from the result 
shown in Table 1. 

[0114] in addition, Cr content of the roll side of each permanent magnet 
ingredient to 20nm or less — about 100 ppm it was . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a cooling roller. 

[Drawing 2] It is the side elevation showing the physical relationship 

of the nozzle for alloy molten metal regurgitation, and a cooling roller. 

[Drawing 3] It is the sectional view showing the example of a suitable 

configuration of a permanent magnet ingredient manufacturing 

installation. 

[Drawing 4] It is the sectional view showing the suitable example of the 
inhalation-of-air member of inert gas. 

[Drawing 5] It is the sectional view showing the suitable example of the 
injection member of inert gas. 
[Description of Notations] 

11 Alloy Molten Metal 

111 Alloy 

112 Thin Band-like Permanent Magnet Ingredient 

113 Paddle 

12 Nozzle 

13 Cooling Roller 

131 Base Material 

132 Surface Layer 
100 Injection Member 



101 Side Attachment Wall 

102 Slit-like Injection Tip 

103 Free Passage Hole 

104 Gas Pipe 

200 Inhalation-of-Air Member 

201 Side Attachment Wall 

202 Slit-like Inlet 

203 Free Passage Hole 

204 Gas Pipe 
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